Mixed leg ulcer is a challenge in vascular diseases because both arterial and venous systems of the lower extremities are involved in the wound pathogenesis. Management is very difficult because the coexistence of the two conditions sometimes prevent to use compression bandaging, which is the cornerstone of venous leg ulcer treatment. It has been recently developed the so called gradient pump (GP), a novel device which permits to intermittently stop the flow in the femoral vein with a pneumatic cuff placed on the thigh. Subsequent release of the femoral vein compression determines a dramatic aspiration of the blood up-ward the heart, with synchronous and measured improved perfusion of the distal limb. We applied GP at 4 consecutive cases of multiple mixed painful ulcerations of the foot and leg scheduled for below knee and/or foot amputations. In all cases measure of pain by visual analogue scale significantly decreased; GP in most cases together intravenous infusion of synthetic prostacyclin led to improvement and/or minimal amputation. Therefore such a management can be done on outpatient bases, allowing a considerable lowering of health costs. We conclude that GP could be a valuable tool in the arsenal of mixed leg ulcer clinical assessment.
Introduction
It has been recently demonstrated that a novel intermittent pneumatic compression (IPC) device based on a new hemodynamic concept respect to standard pneumatic compression for lower limb ischemia, 1 when administrated with an interval protocol significantly improves the foot perfusion. This result has been measured by the mean of near infrared spectroscopy (NIRS) in ischemic legs of patients affected by peripheral arterial disease (PAD) of the lower limbs. 2 The same effect was not observed by a traditional sequential foot-calf device after 35 min or more of treatment. The new IPC original device was conceived to evoke a positive hemodynamic effect not by a bottom up but a top-down action. The proximal inflation at thigh, and the cyclic squeezing at the femoral vein, aims to create a pressure gradient to favor the empty of the distal veins in the decompression phase and the drainage of the congest foot, as well ( Figure 1) .
According to the analysis of the traces obtained by NIRS 2,3 recording of patients previously tested, we observed that a therapeutic cycle based on 5 min working and 5 min resting, resulted optimal for the majority of PAD patients, along a total time of 30 min.
Mixed leg ulceration (MLU) is a really challenging medical condition because chronic venous insufficiency, mostly of the superficial veins, is coupled with PAD, often induced by some severe chronic disease such as diabetes, etc. [4] [5] [6] [7] [8] Treatment is sometimes embarrassing especially when considering compression, which is the cornerstone of venous leg ulcer treatment. 9, 10 Inelastic or low grade compression are suggested in these cases, 6, 9 but the compliance could be very low on behalf of the patients because of the pain. Pain is the main reason of poor compression compliance as well as of poor quality of life in MLU. 11, 12 One more reason of difficulty in applying compression in MLU is the contemporaneous wide spread of negative pressure devices in managing infections of the wound. 13 Negative pressure devices aspirate exudates from the wound, especially in the distal part of the leg and foot. [14] [15] [16] While this effect is advantageous for infection treatment it is of course not advisable for improving hemodynamics and perfusion. Therefore, compression increases the external pressure component of the resulting in favorable pressure for drainage and oxygenation. To the contrary, negative pressure of vacuum device decreases the external pressure component of transmural pressure so affecting hemodynamics and perfusion.
We herein report the application of gradient pump (GP) in some cases of MLU, measuring the effect on wound healing and pain control.
Case Series

Protocol used
All the subsequent clinical cases underwent to GP treatment for MLU. The GP 2 consists of an inflatable sleeve having a length of 50-80 cm and a width of 13 cm, to be positioned over the mid thigh with a rigid element inside (length: 9 cm, width: 10 cm) to selectively improve the compressive effect on the femoral vein. The inflatable cuff is connected to a compressor that produces variable levels of pressure set by a manual regulator. We set the pressure at 120 mmHg, reducing this value only when the systemic arterial pressure was less. Furthermore, the device includes a manual electromechanical timer to produce periodic sequences of pressure and the modification and control of the working/resting cycles. The GP was set to deliver an operative cycle of a progressive inflation with a compression phase lasting 20 s and a later decompression phase lasting 40 s (1 cycle/min).
Case #1
Patient A is a 57-year old male affected by MLU due to association of post thrombotic syndrome (previous thrombosis of the femoral vein 10 years before) with distal emboli from popliteal aneurysm (substitution with polytetrafluoroethylene graft). The critical limb ischemia and the severity of venous disease determined ulceration of the foot and fingers, complicated by infection and necrosis. Pain measured by visual analogue scale (VAS) before GP ( Figure 2 ).
It was treated by combination of antibiotics, prescribed by two subsequent antibiogram, and prostacyclin infusion (iloprost, 0.5 ng/kg/min; Italfarmaco S.p.a., Milano, Italy) on an outpatient basis. To achieve the goal of outpatient management we adopted an elastomeric pump which was daily loaded with iloprost for five days a week, for three weeks duration. 17, 18 Despite this treatment coupled with standard wound care, necrosis and ulceration did not improve; in addition, pain was not supported without major drugs. We added GP at home, two cycles a day for duration of 30 min per cycle. We also added standard wound care twice a week and compression with below knee elastic stocking exerting 20-30 mmHg at the ankle (Flebysan S.r.l., Rovigo, Italy). This resulted in limb salvage out of loss of three distal phalanges of the toes, total control of pain without any drug (Table 1) .
Case #2
Patient B is a 77-year old female affected by MLU of the lateral and posterior aspect of the left leg with rest pain no more responding to major drugs. MLU was due to occlusion of iliac femoral by-pass performed three years before coupled with post thrombotic syndrome of the left leg, in consequence of a venous thrombosis occurred 15 years before (Table 1 ). She was treated by home-based GP, two cycles a day for duration of 30 min per cycle. We also added wound care and inelastic bandaging weekly changed. Finally, she was treated by combination of antibiotics, prescribed by two subsequent antibiogram, and prostacyclin infusion on outpatient basis thanks to an elastomeric pump which was daily substituted for five days a week, for three weeks duration. 17, 18 This strategy resulted in significant reduction of pain, reduction of analgesic use and total limb salvage ( Figure 3 ).
Case #3
Patient C is a 67-year old male affected by MLU due to superficial venous insufficiency of the right great saphenous vein (GSV), combined with PAD II stage with a vast necrotic ulceration of the posterior and medial aspect of the leg (Table 1) . He was treated by echoguided foam sclerotherapy of the GSV according to Tessari's method, in order to suppress the superficial reflux. 19, 20 In addiction, we performed surgical debridement followed by inelastic compression bandaging and antibiotics based on three subsequent antibiograms. Moreover, we used prostacyclin infusion on outpatient basis thanks to an elastomeric pump, which was daily loaded with Iloprost for five days a week, for three weeks duration. 17, 18 Finally, he was treated by home-based GP, two cycles a day for duration of 30 min per cycle. This resulted in wound healing and total pain control with suspension of analgesic drugs (Figure 4 ). Patient D is a 36-year old male with primary chronic venous insufficiency clinical class 2 of the Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classification, operated on in emergency for critical limb ischemia in consequence of idiopathic thrombosis of the right femoro-politeal segment complicated by distal micro embolism. An in situ saphenous vein femoro-posterior tibial by pass has been performed. However, despite the patency of the by pass, the patient developed small and painful ulceration the second and third finger of the right foot due to distal embolization. He was allergic to endoprost and the ulcers were treated exclusively by GP. In four days the VAS passes from 9 to 5 (Table 1) . He was able to stand and walk some steps. After hospital discharge he continued at home the GP treatment, 35 min three times a day. Ulcer healed in two weeks and pain disappeared in one week.
Discussion
We herein report four challenging cases of MLU. The main finding of our cases report is the possibility of successful treatment of the painful conditions on outpatient bases. This was possible thank to three common points in the strategy used: i) home-based GP treatment: it has been demonstrated in a previous study how GP improves distal perfusion. 2 In the present study we demonstrate the feasibility of GP treatment at home with full compliance of patients and/or family trained in hospital. The device is very simple to be used and two cycles a day demonstrated to be very well tolerated, especially because the compression is at the thigh (Figure 1 ) so very distant from the painful lesion. IPC equipment usually pump at the level of foot and leg, so increasing pressure against the surface of the ulcer, limiting their use for loss of tolerance on behalf of the patients. To the contrary, our experience demonstrates a significant reduction of pain measured by VAS (Table 1) ; ii) elastomeric pump infusion of prostacyclin: the elastomeric pump permits to continue the drug infusion along the day, after loading and controlling the patients each morning on ambulatorial bases. Iloprost was injected through a peripheral venous catheter at 0.5 ng/min for 24 h, five days a week. On Saturday and Sunday drug was stopped, because the service in hospital was closed. Cardio-vascular parameter was checked in the first 2-3 h from beginning, while the patient was in hospital. This is an innovative management of prostacyclin administration which permits to reduce the cost of hospitalization; iii) wound care, compression and eventual venous treatment: wound care, including debridement was achieved on ambulatorial bases, according to standard care. Our study concurs to demonstrate that inelastic bandage can be used in MLU without increasing pain. Finally, the case where we stopped reflux by mean of echo-guided foam sclerotherapy, again confirmed how this treatment is effective and feasible on ambulatorial bases. 19, 20 The contribution of GP to the successful clinical outcome of the reported cases cannot be clarified by the present observational and preliminary report. However, patient D with endoprost intolerance, suggests us that GP can be used also in the absence of adjuvant pharmacological treatment
The major limitation of our study is that actually GP is still a prototype. However, the course for CE license is in progress and it will be available shortly on the market. A second short-coming is represented by the number of patients, but this was a pilot study which paves the way to further multicentric evaluations of GP in MLU, when the devices will be available in other centers. 
